The aim of the study was to determine the effect of different prophylaxis pastes on shear bond strength of orthodontic brackets bonded with Self-Etch Primer (SEP). Methods: Two hundred human premolars were divided into 4 equal groups. In Group 1 (control), no prophylaxis was done prior to bonding with SEP. In Groups 2-4 different prophylaxis pastes, that is, pumice, nonfluoridated and fluoridated pastes were used respectively. After bonding, the samples were debonded using a universal testing machine at a cross head speed of 0.5 mm/min. Results: The shear bond strength (MPa) for Group 1-4 was 5.99, 7.51, 7.57, and 7.71, respectively. Conclusions: The result shows that the shear bond strength of brackets bonded with SEP without prior prophylaxis produces statistically significant lower bond strength as compared to brackets which were bonded with prior prophylaxis treatments. The shear bond strengths of orthodontic brackets bonded with SEP with prior prophylaxis with various prophylaxis pastes were not statistically different from each other. The use of fluoridated prophylaxis pastes did not adversely affect bond strength of orthodontic brackets bonded with SEP.
IntRoductIon
Buonocore [1] in 1955, found a simple method of increasing the adhesion of acrylic filling material to enamel surfaces by using 85% phosphoric acid and a phosphomolybdate oxalic acid treatment. Newman et al. [2] in 1968 showed that improved joint strength with teeth may be obtained by pretreatment of tooth surface with phosphoric acid. The introduction of acid etching of enamel afforded the possibility of direct bonding of orthodontic brackets to enamel as a part of routine fixed appliance therapy. The 6 th generation bonding system is a self-etch adhesive technique consisting of 2 steps, with enamel conditioning and priming combined into one step and followed by bonding agent application. Bishara et al. [3] showed that Self Etch Primers (SEPs) had lower but clinically acceptable bond strength. Asgari et al. [4] found that brackets bonded with SEPs had significantly lower incidence of bond failure when pumice prophylaxis was performed prior to bonding procedure. Pumice prophylaxis is necessary to ensure a cleaner enamel surface for maximum efficacy of SEP clinically. It is believed that the fluoride content of some pastes or the oils and the flowing agents added to them might adversely affect bond strength. Brännström et al. [5] reported that the application of Duraphat (fluoride containing varnish) to enamel before etching did not have a negative effect on etch patterns and hence not affect the bond strength of a bonding resin.
Aims and objectives
• To study the effect of different types of prophylaxis pastes on shear bond strength of orthodontic brackets bonded with SEP system • To study whether fluoride content of prophylaxis pastes effects bond strength • To study whether prophylaxis is necessary before bonding with SEP.
MateRIals and Methods
Two hundred human maxillary first premolars/maxillary second premolars recently extracted from patients for the orthodontic purpose were used. After extraction the teeth were washed, debrided of soft tissue, and immersed in a closed box with a physiological saline solution for a maximum of 3 months or until testing to prevent desiccation. The criteria for tooth selection included intact buccal enamel, no pretreatment chemical agents, no caries, no cracks caused by extraction forceps.
The teeth were randomly divided into 4 groups of 50 each.
Group 1: No prophylaxis was done before etching with SEP (Transbond ™ Plus Self Etch Primer, 3M Unitek, Monrovia, CA, USA) [ Figure 1 ] Group 2: Cleaned with fine flour of Pumice (Jodhpur, India), using a rubber prophylaxis cup on a slow speed hand piece. Then they were rinsed with water and air dried for 5 s and then etched with SEP [ Figure 2 ] Group 3: Cleaned with nonfluoridated prophylaxis paste (Mira-Clin P, Prophy Paste, Hager and Werken, Germany) using a rubber prophylaxis cup on a slow speed hand piece. Then they were rinsed with water and air dried for 5 s and then etched with SEP Group 4: Cleaned with a fluoridated prophylaxis paste (Propol, Dental Products of India, Mumbai, India) using a rubber prophylaxis cup on a slow speed hand piece. Then they were rinsed with water and air dried for 5 s and then etched with SEP.
Etching was done by mixing the SEP according to the manufacturer's instructions. Orthodontic metal brackets used in this study were Universal maxillary premolar type Victory Series ™ Rx.022 (Monrovia, CA, USA). Transbond ™ XT adhesive (Monrovia, CA, USA) was applied on the bracket base. After 24 h each tooth was mounted in plaster in cylindrical segments of 1" PVC pipe which were cut in lengths of about 6 cm. Shear bond strengths were measured with a Universal Testing Machine [ Figure 3 ].
The force required to dislodge the bracket was recorded in kg and converted to MPa with the following equation: 
Results
The statistical relationship between four groups that is control (C), pumice (P), nonfluoridated (NF), and fluoridated (F) was analyzed by one-way ANOVA test. The F value of comparison between four groups was 4.036 which was significantly different at 0.008 (P < 0.05). This was followed by the post-hoc test (Tukey) at the alpha value of 0.05 in order to compare mean values among the different groups. The mean shear bond strength of brackets bonded in the control group was 5.99 MPa, with pumice prophylaxis was 7.51 MPa, with nonfluoridated paste was 7.57 MPa, and with fluoridated paste was 7.71 MPa [ Table 1 ].
The result showed that bond strengths recorded for all prophylactic groups that are the pumice group, nonfluoridated, and fluoridated group were higher than those of nonprophylactic (control) group [Graph 1].
Then multiple comparisons between different groups were done using post honestly significant difference test (Tukey) [ Table 2 ].
The results showed that the shear bond strength of brackets bonded with SEP in the control group was statistically different from that of each of three prophylactic groups.
The results also showed that the mean shear bond strength of brackets with fluoridated prophylactic group was 7.71 MPa which was statistically not different from the mean bond strength values of other prophylactic groups of pumice and nonfluoridated paste which were 7.51 and 7.57, respectively.
dIscussIon
With the ever changing field of bonding in dentistry, there is a need for further improvement in bonding procedures to save time and to minimize enamel loss without jeopardizing clinically acceptable bond strength. In orthodontics, attachments are bonded for a limited period of time as compared to bonding in restorative dentistry. The requirements of sufficient bond strength, ease of debonding, and limited risk of permanent damage to enamel surface are thus critical factors in orthodontics. SEPs were introduced to reduce the bonding procedure from 3 to 2 steps, effectively decreasing technique sensitivity and reducing chair time by 65%. From a clinical stand point, the use of SEPs can be desirable because they reduce clinical steps, save chair time, improve the adhesive procedures, and reduce the risk of salivary contamination. Furthermore, SEPs produce a more conservative etch pattern than phosphoric acid thereby minimizing the enamel loss. Adequate clinical bond strengths in orthodontics range from 5.9 to 7.9 MPa as reported by Reynolds and von Fraunhofer. [6] In vitro studies show that bond strength produced by SEPs are generally clinically acceptable but somewhat lower when compared with the conventional, 3 steps method.
The results in the present study are similar to those obtained in the study done by Bishara et al. [3] in which the use of SEP resulted in a significantly lower but clinically acceptable shear bond force (7.1 ± 4.4 MPa). Cal-Neto and Miguel [7] showed that compared with phosphoric acid, Transbond Plus SEP produces a uniform and more conservative etch pattern, with regular adhesive penetration and a less aggressive enamel demineralization. The resin tags are shorter than those of conventional acid etching system. SEP demonstrate a shallower etch pattern which may be because of poorer penetration of SEPs into the enamel porosities or the result of interference from mineral precipitates on enamel surface that mask the etch pattern Cal-Neto et al. [8] showed that there was no statistical significant difference in bond failure rates between conventional acid etching (4.78%) and SEPs (6.88%) as bond failure rates below 10% are generally considered clinically acceptable. Scougall-Vilchis et al. [9] showed that less residual adhesive is also found when SEPs are used which could be clinically advantageous, since tooth clean-up is easier and faster with less residual adhesive. Consequently, no time loss can be expected with SEPs. In addition, formation of white spot lesions on enamel or decalcification might be reduced by eliminating the acid etching technique. Barry [10] showed that pumice prophylaxis can be safely omitted prior to direct bonding with 37% phosphoric acid for 15 or 60 s etch time.
Lindauer et al. [11] tested the effect of pumice prophylaxis on bond strength of orthodontic brackets in vivo and in vitro, and found no difference regarding the use of pumice prophylaxis in conventional bonding system. Ireland et al. [12] similarly demonstrated that pumice prophylaxis had no effect on in vivo bond failure rates before conventional etching with composite. SEPs have been shown to produce a weaker bond than conventional etch methods in vitro, so pumice pretreatment might be necessary to ensure a cleaner enamel surface for maximum efficacy of SEP clinically. Burgess et al. [13] performed a study to determine whether pumice prophylaxis was required before the use of SEP. They concluded that in the trial where prophylaxis was omitted there was a clinically significant difference in orthodontic bonding with SEP. The bond failure ratio was 55.5% for the no pumice group and 33.2% in the pumice group.
The present study also shows similar results with shear bond strength of nonprophylaxis groups being the least 5.99 MPa, and of other prophylaxis groups are 7.51 MPa, 7.57 MPa, and 7.71 MPa. These results showed a statistical significant difference between the nonprophylaxis (control group) and any of the prophylaxis groups. The additional time needed to pumice and rinse the teeth before the SEPs is just over a minute and can be done by the assistant before the orthodontist's chair-side arrival. Aljubouri et al. [14] concluded that in a patient requiring 20 brackets to be bonded, the average reduction in clinical chair side time would be about 8.5 min, when compared with the conventional three steps etch and prime system. Ogaard et al. [15] showed that fluoride released from a visible light curing adhesive inhibited lesion development adjacent to orthodontic brackets significantly. Meng et al. [16] in his study showed that although application of Acidulated Phosphate Fluoride to a tooth can prevent dental decay, it has an adverse effect on orthodontic bond strength on human enamel. Bogert and Garcia-Godoy [17] in their study showed that there was no statistically significant difference in the bond strength among the use of 3 prophylaxis pastes; that is pumice, nonfluoridated paste, and fluoridated paste. The present study also shows similar results.
The study done by Godoy et al. [18] also supports the present study. They used pumice flour, nonfluoridated prophylaxis paste, and fluoridated prophylaxis paste and obtained the shear bond strength of 11.79 MPa, 11.97 MPa, and 14.06 MPa, respectively with no statistical significant difference amongst each other. Low et al. [19] reported that application of acidulated phosphate fluoride to enamel surfaces before acid etching significantly reduced bond strength of a pit and fissure sealant, hence recommending that clinical procedures like direct bonding of orthodontic attachments that involve etching of the enamel should not be preceded by topical application of acidulated phosphate fluoride solutions. This is not a clinically acceptable procedure because the reaction of acidulated phosphate fluoride with enamel to produce fluoroapatite is time dependent. Enamel acquired significant amount of fluoride bound in the form of hydroxyapatite or fluoroapatite after a single topical application of Duraphat and FluorProtector. A 4 min application of APF to enamel surface before acid etching significantly reduces the bond strength of pit and fissure sealant. However, APF which contains a high concentration of fluoride requires at least 4 min in contact with enamel surface to produce fluoroapatite whereas a prophylaxis paste would be in contact with the enamel for short time that no fluorapatite formation is expected. Kimura et al. [20] in their study showed that application of fluoride varnish does not affect the bond strength of orthodontic brackets to enamel with conventional or SEP systems. The importance of pumice prophylaxis step for ensuring clinical success of SEP bonding procedure might be due in part to the SEP's inherently lower bond strength and technique sensitivity. Data from the present study confirms that using SEP leads to reduced bond strength if the manufacturer's recommended prophylactic pretreatment step is omitted. This study also confirms that none of the three prophylaxis treatments had any adverse effect on the shear bond strength of the brackets; furthermore fluoride application before bonding does not lead to decreased bond strength.
conclusIons
• The shear bond strengths of orthodontic brackets bonded with SEP with prior prophylaxis with various prophylaxis pastes were not statistically different from each other • The use of fluoridated prophylaxis pastes did not adversely affect bond strength of orthodontic brackets bonded with SEP • The shear bond strength of brackets bonded with SEP without prior prophylaxis produces statistically significant low bond strength as compared to brackets, which were bonded with prior prophylaxis treatments. 
